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Left Atrial Strain Measured by Two-Dimensional
Speckle Tracking Represents a New Tool to Evaluate

Left Atrial Function

Roberto M. Saraiva, MD, PhD, Sayit Demirkol, MD, Adisai Buakhamsri, MD, Neil Greenberg, PhD,
Zoran B. Popović, MD, PhD, James D. Thomas, MD, and Allan L. Klein, MD, Cleveland, Ohio

Background: Left atrial (LA) strain (e) and e rate (SR) analysis by two-dimensional speckle tracking can repre-
sent a new tool to evaluate LA function. To assess its potential value, the authors addressed whether LA e and
SR measured in normal subjects correlates with other Doppler echocardiographic parameters that evaluate
LA function and left ventricular function.
Methods: Sixty-four healthy subjects were studied. LA e and SR were calculated with the reference point set at
the P wave, which enabled the recognition of peak negative e (eneg peak), peak positive e (epos peak), and the sum of
those values, total LA e (etot), corresponding to LA contractile, conduit, and reservoir function, respectively. Sim-
ilarly, peak negative SR (LA SRlate neg peak) during LA contraction, peak positive SR (LA SRpos peak) at the begin-
ning of LV systole, and peak negative SR (LA SRearly neg peak) at the beginning of LV diastole were identified.
Results: Global LA epos peak, eneg peak, and etot were 23.2 6 6.7%,�14.6 6 3.5%, and 37.9 6 7.6%, respectively.
Global LA SRpos peak, SRearly neg peak , and SRlate neg peak were 2.0 6 0.6 s�1,�2.0 6 0.6 s�1, and�2.3 6 0.5 s�1,
respectively. The above-described variables derived from analysis of global LA e and LA SR correlated signif-
icantly with Doppler echocardiographic indexes that evaluated the same phase of the cardiac cycle or the
same component of the LA function, including indexes derived from mitral inflow, pulmonary vein velocities,
tissue Doppler, and LA volumes. Global LA epos peak, LA etot, and LA SRearly neg peak also correlated significantly
with age or body mass index. Global LA SRlate neg peak also correlated significantly with age.
Conclusions: LA e analysis is a new tool that can be used to evaluate LA function. Further studies are warranted
to determine the utility of LA e in disease states. (J Am Soc Echocardiogr 2010;23:172-80.)
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The left atrial (LA) volume index is a recognized prognostic marker in
diverse conditions, such as heart failure,1 myocardial infarction,2 and
atrial fibrillation.3 Moreover, LA function has also been described as
a prognostic indicator.4 As we improve the evaluation of LA function,
it may emerge as an important component in the evaluation of a num-
ber of diseases, such as atrial arrhythmias, heart failure, and mitral
valve disease.

Invasive measurements of LA function are not feasible in most
patients. Therefore, the components of LA function (contractile,
conduit, and reservoir function) are traditionally estimated using
two-dimensional (2D) echocardiography and Doppler analysis of
transmitral and pulmonary vein flows. However, the evaluation of
LA function is still challenging. The evaluation of LA volumes by
2D echocardiography is limited by the use of geometric models to
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determine the volume of a nonsymmetric chamber and by errors
due to foreshortening. Thus, 2D echocardiography may underesti-
mate LA volumes compared with three-dimensional methods.5,6

The evaluation of LA function by Doppler analysis of transmitral
and pulmonary vein flows is indirect and therefore also limited.

Two-dimensional speckle tracking is a new echocardiographic tool
that tracks the speckle pattern frame by frame in standard B-mode im-
ages to calculate left ventricular (LV) strain (e).7,8 This analysis may
allow a more direct assessment of LA endocardial contractility and
passive deformation and has been recently proposed,9 but data on
normal values for LA e and e rate (SR) are still scarce,10-12 and the
values found have not been correlated with traditional 2D Doppler
echocardiographic parameters.

Therefore, our aims were to evaluate the components of LA func-
tion by 2D speckle tracking in normal subjects and to correlate the
values found with traditional 2D Doppler echocardiographic
measurements of LA function and LV function.
METHODS

Patients

We retrospectively examined images from healthy volunteers who
were examined in our echocardiographic laboratory from 2005 to
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Figure 1 Two-dimensional LA speckle tracking. (Left) Four-chamber views depicting the region of interest (ROI) created by the
speckle-tracking software and the corresponding LA e curves (A) and LA SR curves (B) for each of 6 segments analyzed in each
view. (Right) Average LA e (A) and SR (B) curves obtained after averaging the 6 curves (left). The reference point was placed at
the onset of the P wave, which allowed the measurement of peak negative strain (eneg peak), corresponding to LA contractile function,
and peak positive strain (epos peak), corresponding to LA conduit function. The sum of the peak positive and negative strains was con-
sidered to be total LA strain (etot), corresponding to LA reservoir function. Similarly, peak negative global LA SR (SRlate neg peak) during
LA contraction, peak positive global LA SR (SRpos peak) at the beginning of LV systole, and peak negative global LA SR (SRearly neg peak)
at the beginning of LV diastole can be identified. ECG, Electrocardiogram.
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2006. Subjects were declared healthy after undergoing thorough
medical histories and physical examinations. All subjects had normal
findings on resting electrocardiography and baseline echocardiogra-
phy. All subjects gave written informed consent before their participa-
tion. A previous work describing LV e using this same database was
recently published.13

We identified 97 normal subjects in our database. Of these, 33 sub-
jects were excluded from analysis for inadequate electrocardiograms
(n = 6) or inadequate imaging quality due to acquisition with low
frame rates (n = 13), LA foreshortening (n = 7), or inadequate acoustic
windows (n = 7). The final study population consisted of 64 individ-
uals.Among them,10 patients didnot have adequate3-chamber views
for analysis and had only 4-chamber and 2-chamber views analyzed.
Echocardiography

Studies were performed using phased-array ultrasound systems (Vivid
7; GE Medical Systems, Milwaukee, WI) equipped with 3S phased-ar-
ray transducers. Cardiac dimensions were measured in accordance
with the recommendations of the American Society of Echocardiog-
raphy.14 Echocardiograms were stored digitally and reviewed offline
with software (ProSolv Cardiovascular Analyzer; Problem Solving
Concepts, Indianapolis, IN). The values for 2D echocardiographic
parameters were obtained after averaging 3 consecutive cycles.

M-mode echocardiography was used to measure LA diameter and
LVend-diastolic and end-systolic diameters. LV and LA volumes were
determined using the modified Simpson’s rule with images obtained
from apical 4-chamber and 2-chamber views. Pulsed-wave Doppler
was obtained in the apical 4-chamber view. From transmitral record-
ings, the peak early (E) and late (A) diastolic filling velocities, E/A
ratio, E-wave deceleration time, E-wave velocity-time integral
(VTIE), A-wave VTI (VTIA), and LA filling fraction ([(VTIA/(VTIE +
VTIA)] � 100) were obtained. From pulmonary vein velocities ob-
tained at the right upper pulmonary vein, the following measure-
ments were taken: peak S-wave inflow velocity during ventricular
systole, peak D-wave inflow velocity during the early phase of ven-
tricular diastole and the corresponding S/D ratio, peak reversed atrial
wave (Ar) velocity during LA contraction, S-wave VTI, D-wave VTI,
and Ar-wave VTI.

Doppler tissue imaging of the mitral annular level was obtained at
the septal and lateral positions. Values shown for peak early (E0) and
late (A0) diastolic annular velocities are averages of the values
obtained at septal and lateral positions.

The following indexes of LA function were calculated according to
previous study.15 Total LA stroke volume was calculated as maximum
LA volume � minimum LA volume. Active LA stroke volume was
calculated as precontraction LA volume � minimum LA volume.
Passive LA stroke volume was calculated as maximum LA volume
� precontraction LA volume. The total LA emptying fraction was
calculated as (total LA stroke volume/maximum LA volume) �
100. The active LA emptying fraction was calculated as (active LA
stroke volume/precontraction LA volume) � 100. The passive LA



Table 1 Clinical and 2D echocardiographic characteristics of
subjects (n = 64)

Variable Value

Clinical
Age (y) 40.2 6 13.6

Body mass index (kg/m2) 25.6 6 4.4

Women 44 (69%)

Arterial systolic blood pressure (mm Hg) 118 6 12
Arterial diastolic blood pressure (mm Hg) 69 6 8

Heart rate (beats/min) 69.4 6 9.7

Echocardiographic
LA diameter (cm) 3.47 6 0.45

LA area (cm2) 15.9 6 3.3

LV end-diastolic diameter (cm) 4.72 6 0.48

LV end-systolic diameter (cm) 2.86 6 0.39
LV fractional shortening (%) 39.3 6 6.6

LV end-diastolic volume (mL/m2) 54.7 6 11.8

LV end-systolic volume (mL/m2) 14.3 6 4.6

LV ejection fraction (%) 73.8 6 6.6
LV longitudinal e (%) �19.8 6 2.4

E (cm/s) 82.0 6 20.1

A (cm/s) 58.6 6 13.7
E/A ratio 1.47 6 0.50

LA filling fraction (%) 30.8 6 7.0

E-wave deceleration time (ms) 176 6 42

E0 average (cm/s) 13.2 6 2.8
E/E0 ratio average 6.4 6 1.6

A0 average (cm/s) 9.7 6 2.1

Ar (cm/s) 28.3 6 6.3

S (cm/s) 58.9 6 12.4
D (cm/s) 53.0 6 10.4

S/D ratio 1.15 6 0.31

Data are expressed as mean 6 SD or as number (percentage).

Table 2 Two-dimensional echocardiographic LA volume and
function (n = 64)

Variable Value

Maximum LA volume index (mL/m2) 21.9 6 5.1

Minimum LA volume index (mL/m2) 7.3 6 5.0

Precontraction LA volume index (mL/m2) 12.1 6 4.4
Total LA stroke volume (mL) 28.0 6 7.7

Total LA emptying fraction (%) 70.3 6 9.2

Active LA stroke volume (mL) 10.6 6 5.0

Active LA emptying fraction (%) 46.6 6 11.7
Passive LA stroke volume (mL) 17.5 6 6.0

Passive LA emptying fraction (%) 44.3 6 12.1

LA expansion index (%) 271.5 6 126.4

Data are expressed as mean 6 SD.
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emptying fraction was calculated as (passive LA stroke volume/max-
imum LA volume) � 100. The LA expansion index was calculated as
(total LA stroke volume/minimum LA volume) � 100.
Longitudinal e Analysis

The images used for LV e analysis were acquired focusing the LV by
adjusting the depth and frame rate. LV longitudinal e was calculated
as previously described.13

The clips used for LA e and SR analysis were different from those
used for LV e analysis but were acquired during the same exam. Only
clips with good quality images, enough depth to include the whole LA
and acquired with high frame rates were used for analysis. The aver-
age frame rate of the clips used for LA e analysis was 64.1 6 6.6
frames/s.

In contrast to the assessment of LV e, in which the R-wave onset
of the electrocardiogram is used as a reference point, we used the
onset of the P wave as the reference point for the calculation of
LA e and SR, as previously proposed.11 We used this point because
it most relevantly represents the LA cavity just prior to its contrac-
tion. The use of the P wave as the reference point enabled the rec-
ognition of peak positive global LA e (epos peak), which corresponded
to LA conduit function; peak negative global LA e (eneg peak), which
corresponded to LA contractile function; and the sum of these
values (total global LA e [etot]), which corresponded to LA reservoir
function (Figure 1). Similarly, we identified peak negative global LA
SR (LA SRlate neg peak) during LA contraction, peak positive global
LA SR (LA SRpos peak) at the beginning of LV systole, and peak
negative global LA SR (LA SRearly neg peak) at the beginning of LV
diastole.

To calculate LA e and SR, we used 2D speckle-tracking software
(EchoPAC; GE Medical Systems), as previously described,11 using
images obtained in apical 4-chamber, 2-chamber, and 3-chamber
views. Regarding the 3-chamber view, we included only the infero-
posterior wall, as the opposing wall includes the ascending aorta.11

This software was previously validated for the measurement of LV
e8,16 and detects and tracks the ultrasonic interference pattern
(speckle) inherent to standard 2D echocardiography. This software
has been previously used for measuring LA e with high feasibility
and good agreement.10-12 Briefly, 2D images at one specific cardiac
cycle were selected, and the LA endocardial surface was manually
traced by a point-and-click approach. An epicardial surface tracing
was automatically generated by the system, creating a region of in-
terest, which was manually adjusted to cover the full thickness of
the myocardium. Before processing, a cine loop preview was used
to confirm if the internal line of the region of interest followed
the LA endocardial border throughout the cardiac cycle. The soft-
ware divided the LA endocardium into 6 segments, resembling
the approach used when studying LV e. Segments in which no ade-
quate image quality could be obtained were rejected by the soft-
ware and excluded from the analysis. Last, the software calculated
average e for 6 LA segments for each apical view, and the LA
e and SR values for each view were the averages of the values ob-
tained for the LA segments at each view, excluding the 3 LA seg-
ments of the anteroseptal wall of the 3-chamber view. The final
LA e and SR values were the averages of the values obtained for
each apical view.
Statistical Analysis

Calculations were done using commercially available statistical soft-
ware (GraphPad Prism 3.02 [GraphPad Software Inc, La Jolla, CA]
and MedCalc 9.2.0.2 [MedCalc Software, Mariakerke, Belgium]).
Continuous variables are expressed as mean 6 SD and discrete vari-
ables as percentages. All echocardiographic variables passed standard
tests of normality (Kolmogorov-Smirnov test), allowing the use of
parametric tests. Correlations between variables were tested by sim-
ple linear regression analysis (Pearson’s correlation). Data between
age subgroups were compared using one-way analysis of variance fol-
lowed by Student-Newman-Keuls post hoc analysis. Intraobserver
and interobserver reproducibility were assessed using Bland-Altman
analysis.17 P values # .05 were considered significant.



Figure 2 Correlations between global LA e and age. Global LA peak positive e (epos peak) (A) and global LA total e (etot) (B) displayed
negative correlations with age. The bar graphs (right) also demonstrate that global LA epos peak was lower in subjects aged >50 years.
On the other hand, global LA peak negative strain (eneg peak) (C) did not present significant variation with age. *P < .05 versus age < 30
years.
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RESULTS

Subject Characteristics

Population characteristics are summarized in Table 1. Subjects pre-
sented with normal blood pressures and heart rates. The 2D echocar-
diographic characteristics are depicted in Table 1, including chamber
dimensions and measurements of LV diastolic and systolic function.
All were within normal reference values. LA volumes and indexes
of LA function are described in Table 2.
LA e and SR Values and Correlations With Age

Adequate tracking of LA wall was possible in 872 of 930 analyzed
segments (93.8%). Global LA epos peak was 21.4 6 6.7% and pre-
sented significant negative correlations with both age (Figure 2) and
body mass index (r = �0.40, P = .001). Global LA etot was 35.6 6

7.9% and presented significant negative correlations with both age
(Figure 2) and body mass index (r = �0.32, P = .01). Global LA
eneg peak was �14.2 6 3.3% and did not present a significant correla-
tion with age (Figure 2) or body mass index. Global LA SRpos peak was
2.0 6 0.6 s�1 and correlated negatively with body mass index (r =
�0.28, P = .03) but not with age. Global LA SRearly neg peak was
�2.0 6 0.6 s�1 and correlated significantly with both age (r = 0.45,
P = .0002) and body mass index (r = 0.40, P = .001). Global LA SRlate

neg peak was �2.3 6 0.5 s�1 and correlated significantly with age
(r = �0.28, P = .02) but not with body mass index.

The interobserver and intraobserver agreement for global LA e and
SR were determined after offline reanalysis of recorded clips of 12



Table 3 Univariate regression analysis: global LA epos peak and
global LA SRpos peak versus 2D Doppler echocardiographic
parameters of LA conduit function and LV diastolic function

Global LA epos peak Global LA SRpos peak

Variable r P r P

E 0.47 <.0001 �0.04 NS

E/A ratio 0.54 <.0001 �0.09 NS
E-wave deceleration time �0.17 NS �0.01 NS

VTIE 0.30 .02 0.03 NS

E0 average 0.55 <.0001 0.07 NS
E/E0 ratio �0.06 NS �0.14 NS

S �0.06 NS 0.21 NS

D 0.30 .01 0.01 NS

S/D ratio �0.33 .008 0.13 NS
Maximum LA volume index �0.26 .04 �0.47 <.0001

Passive LA stroke volume 0.18 .14 �0.11 NS

Passive LA emptying fraction 0.54 <.0001 0.36 .003

LA expansion index 0.32 .009 0.21 .09
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randomly selected subjects. The mean differences for intraobserver
agreement for LA e were �0.6 % (95% confidence interval [CI],
�1.9% to 0.7%), 0.5% (95% CI, �0.3% to 1.2%), and �1.1 %
(95% CI, �3.1% to 0.9%) for global LA epos peak, LA eneg peak, and
LA etot, respectively. The mean differences for interobserver agree-
ment for LA e were 1.8% (95% CI, 0.04% to 3.5%), �0.7% (95%
CI, �1.8% to 0.4%), and 2.8% (95% CI, 0.3% to 5.3%) for global
LA epos peak, LA eneg peak, and LA etot, respectively. The mean differ-
ences for intraobserver agreement for LA SR were 0.07 s�1

(95% CI, �0.06 to 0.20 s�1), �0.03 (95% CI, �0.24 to 0.18 s�1),
and �0.06 s�1 (95% CI, �0.14 to 0.02 s�1) for global LA SRpos

peak, SRlate neg peak, and SRearlyneg peak, respectively. The mean
differences for interobserver agreement for LA SR were 0.18 s�1

(95% CI, 0.09 to 0.28 s�1), �0.21 (95% CI, �0.42 to �0.01 s�1),
and �0.23 s�1 (�0.38 to �0.09 s�1) for global LA SRpos peak, SRlate

neg peak, and SRearly neg peak, respectively.
Global LA epos peak and LA SRpos peak Versus 2D Doppler
Echocardiographic Parameters of LA Conduit Function and LV
Function

Global LA epos peak correlated significantly with parameters of LV di-
astolic function and LA indexes of conduit function. Global LA epos

peak presented positive correlations with E-wave velocity, E/A ratio,
VTIE, E0 velocity, and D-wave velocity and a negative correlation
with S/D ratio (Table 3, Figures 3A and 3B). Global LA epos peak

also correlated positively with the passive LA emptying fraction and
the LA expansion index and negatively with maximum LA volume
index (Table 3, Figure 3C). Global LA epos peak did not correlate
with LV systolic parameters, including LV e. Global LA SRpos peak

did not correlate with LV diastolic parameters but correlated nega-
tively with maximum LA volume index and positively with the pas-
sive LA emptying fraction (Table 3). Global LA SRpos peak

correlated negatively with LV end-systolic diameter (r = �0.34,
P = .006) but did not correlate with other LV systolic parameters.

Therefore, subjects with higher E/A ratios (Figure 3D) or higher E0

velocities (Figure 4D) displayed higher values of global LA epos peak,
whereas subjects with lower E/A ratios (Figure 3E) or lower E0 veloc-
ities (Figure 4E) displayed lower values of global LA epos peak.
Global LA etot Versus 2D Doppler Echocardiographic
Parameters of LA Reservoir Function and LV Diastolic Function

Global LA etot correlated significantly with parameters of LV diastolic
function and LA indexes of reservoir function. There were positive
correlations with E-wave velocity, E/A ratio, and E0 velocity and a neg-
ative correlation with maximum LA volume index. Global LA etot also
significantly correlated with the total LA emptying fraction and the
LA expansion index (Table 4, Figures 4A-4C). Therefore, subjects
with higher E/A ratios (Figure 3D) or higher E0 velocities
(Figure 4D) displayed higher values of global LA etot, whereas subjects
with lower E/A ratios (Figure 3E) or lower E0 velocities (Figure 4E) dis-
played lower values of global LA etot.
Global LA SRearly neg peak Versus Echocardiographic
Parameters of LV Diastolic Function

Global LA SRearly neg peak correlated significantly with parameters of
LV diastolic function and LA indexes of conduit function. There
were negative correlations with E-wave velocity (r = �0.35, P =
.005), E/A ratio (r = �0.37, P = .003), E0 velocity (r = �0.49, P <
.0001), passive LA emptying fraction (r = �0.53, P < .0001), and
LA expansion index (r = �0.36, P = .004) and positive correlations
with E-wave deceleration time (r = 0.25, P = .04) and maximum
LA volume index (r = 0.41, P = .0009).
Global LA eneg peak and SRlate neg peak Versus 2D Doppler
Echocardiographic Parameters of LA Contractile Function

There were significant correlations between both global LA eneg peak

and SRlate neg peak and parameters derived from Doppler analysis of
LA contractile function. Global LA eneg peak and SRlate neg peak showed
negative correlations with A-wave velocity, VTIA, LA filling fraction,
A0 velocity, and Ar velocity (Table 5). However, both global LA eneg

peak and SRlate neg peak did not correlate with parameters derived
from 2D LA volume estimates (Table 5). Therefore, subjects with
higher A velocities (Figure 3E) or higher A0 velocities (Figure 4E) dis-
played higher values of global LA eneg peak, whereas subjects with
lower A velocities (Figure 3D) or lower A0 velocities (Figure 4D) dis-
played lower values of global LA eneg peak.
DISCUSSION

This study demonstrated the feasibility of performing LA e analysis,
which derived 3 different parameters (global LA eneg peak, LA epos

peak, and LA etot) that may be used to evaluate the contractile, conduit,
and reservoir components of LA function. Similarly, we also
described 3 components of LA SR (global LA SRlate neg peak, SRearly

neg peak, and SRpos peak) that may also be useful to analyze LA function.
We also demonstrated that each of these parameters correlated with
Doppler-derived and/or 2D volume–derived parameters used to
evaluate LA function or LV diastolic function, thus corroborating
the potential clinical value of LA e analysis.

Parameters that evaluate LA function may have prognostic poten-
tial. LA reservoir function may predict the first atrial fibrillation or
flutter episode in elderly subjects,4 and LA systolic force may predict
cardiovascular events in a population with high prevalence of hyper-
tension and diabetes.18 However, all these echocardiographic param-
eters and others that evaluate LA function are influenced by LV
dynamics and geometry18 and/or rely on measurements that are sub-
jected to error.5,6 Therefore, new methodologies that can evaluate LA



Figure 3 Correlations between global LA peak positive strain (epos peak) and echocardiographic parameters. Global LA epos peak dis-
played positive correlations with LV diastolic parameters, E/A ratio (A), parameters of the early phase of LV relaxation, E0 velocity (B),
and volumetric parameters of LA conduit function, passive LA emptying fraction (C). Note on the right an example from a subject with
a higher E/A ratio (D) displaying a more prominent positive component of LA e and a less prominent negative component of LA e,
whereas a subject with a lower E/A ratio (E) displayed a less prominent positive component of LA e and a more prominent negative
component of LA e.
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function by analysis of LA myocardial deformation may be of poten-
tial clinical interest.

LA e and SR were the focus of studies that analyzed LA e derived
from tissue Doppler.19-21 However, 2D speckle-tracking analysis is an-
gle independent, which is an advantage over e derived from tissue
Doppler velocities and also allows the measurement of LA e in all seg-
ments of the LA, whereas previous studies based on tissue Doppler
limited the analysis to specific segments of the LA wall. Therefore, re-
cent studies have concentrated on the description of LA e using 2D
speckle tracking in normal subjects and described the feasibility of
this approach with good reproducibility.10-12 Vianna-Pinton et al11

also focused on the e of LA specific segments and showed that re-
gional differences in LA eneg peak and LA epos peak were consistently
present. We built on these findings by analyzing global LA e and SR,
deriving parameters that can be used to evaluate the contractile, con-
duit, and reservoir components of LA function.
The global LA epos peak and SRpos peak values and the global LA eneg

peak and SRneg peak values we have described are within the range of
the values recently described in another normal population.12 The
global LA etot values we have described are within the range of those
in recent studies that analyzed LA e using the R wave as the reference
point.10,12

Global LA eneg peak and SRlate neg peak displayed significant correla-
tions with parameters derived from Doppler analysis of LA contractile
function. However, we and others12 did not find correlation between
LA active emptying fraction and global LA eneg peak or SRlate neg peak. It
is possible that 2D echocardiography underestimates LA volumes,
thus contributing for the described discrepancy.5,6 Moreover, LA con-
tractile function is dependent not only on preload stretch (precontrac-
tion LAvolume) but also on afterload, represented by LVend-diastolic
pressure. In fact, LA e during LA contraction was shown to have a sig-
nificant correlation with LVend-diastolic pressure.22 Therefore, global



Figure 4 Correlations between global LA total strain (etot) and echocardiographic parameters. Global LA etot displayed positive cor-
relations with parameters of the early phase of LV relaxation, E0 velocity (A). Global LA etot also correlated with volumetric indexes of
LA function presenting inverse relationship with maximum LA volume index (B) and a positive correlation with total LA emptying frac-
tion, an index of LA reservoir function (C). Note on the right an example from a subject with higher E0 velocity (D) displaying a more
prominent positive component of LA e, whereas a subject with lower E0 velocity (E) displayed a less prominent positive component of
LA e.
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LA eneg peak and SRlate neg peak may represent new indexes of LA con-
tractile function that deserve further assessment.

Global LA epos peak and etot are considered to be determined by LA
relaxation and the LV base descent during LV systole, expressed by
the longitudinal LV e.23,24 When the LA is well stretched longitudi-
nally, and consequently a high LA epos peak is present, the LV then re-
laxes rapidly, generating high E wave and E0, as blood rushes into the
LV, generating a high passive LA emptying fraction. Therefore, global
LA epos peak and/or etot correlated with parameters of LV diastolic
function, the maximum LA volume, and LA volumetric indexes of
conduit and reservoir function. However, in our study, we did not
find significant correlations between LV systolic parameters, including
LV longitudinal e, and global LA epos peak, etot, or SRpos peak. In contrast,
Wakami et al22 found a significant relation between peak LA wall e

during LV systole, which would correspond to LA etot measured by
us, and LV hemodynamic measurements. In Wakami et al’s22 study,
peak LA e during LV systole correlated inversely with LVend-diastolic
pressure and LV end-systolic volume and positively with the LV ejec-
tion fraction. However, their population included patients with LV
systolic dysfunction, whereas our study included only subjects with
normal systolic function and, therefore, narrower variation in LVejec-
tion fraction and LV longitudinal e. Interestingly, they also found
significant correlation between LA e during LV systole and LV end-
diastolic pressure, indicating a possible interaction of LV diastolic dys-
function and LA filling during LV systole.22

We also showed that global LA epos peak, LA etot, and absolute
values of LA SRearly neg peak decreased with age, while the absolute
values of LA SRlate neg peak increased with age. This may be explained
at least in part by the known effect of age on LV diastolic function. In
fact, in our population, E wave, E/A ratio, and A wave all correlated



Table 5 Univariate regression analysis: global LA eneg peak and
global LA SRlate neg peak versus 2D Doppler echocardiographic
parameters of LA contractile function

Global LA eneg peak Global LA SRlate neg peak

Variable r P r P

A �0.26 .04 �0.27 .03

VTIA �0.33 .007 �0.28 .02
LA filling fraction �0.38 .002 �0.41 .0008

A0 average �0.36 .004 �0.32 .009

Ar �0.37 .002 �0.52 <.0001
Precontraction LA

volume index

0.20 NS 0.23 .07

Active LA stroke volume 0.10 NS 0.20 NS

Active LA emptying fraction �0.05 NS �0.07 NS

Table 4 Univariate regression analysis: global LA etot versus
2D Doppler echocardiographic parameters of LA reservoir
function and LV diastolic function

Variable r P

E 0.29 .02

E/A ratio 0.31 .01
E-wave deceleration time �0.01 NS

VTIE 0.21 NS

E0 average 0.41 .0008

E/E0 ratio �0.12 NS
S 0.04 NS

D 0.13 NS

S/D ratio �0.11 NS

Maximum LA volume index �0.33 .008
Total LA stroke volume �0.22 NS

Total LA emptying fraction 0.33 .009

LA expansion index 0.30 .01
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with age (data not shown). Other work that analyzed LA function us-
ing speckle tracking also demonstrated the age dependence of LA
function.25 However, in this last work, speckle tracking was used as
a tool to estimate LA volume,25 whereas in our study, we used 2D
speckle tracking to measure LA e.

Global LA epos peak and global LA etot also decreased with higher
body mass index. Although our study did not focus on obese patients,
body mass index is a known independent determinant of LA size,26

and LA emptying index was described to be reduced in obese pa-
tients.27 Therefore, body mass index may negatively influence LA
function measured by 2D speckle tracking. This may be a focus of
further research.
Clinical Implications

There is great potential clinical use of these new LA functional param-
eters derived from 2D speckle tracking. The value of LA e derived
from tissue Doppler analysis has been the subject of several recent
studies focusing on conditions such as atrial fibrillation19,21 and hyper-
trophic cardiomyopathy.20 However, all these previous studies ana-
lyzed LA e only at specific segments of the LA, whereas 2D speckle
tracking can analyze global LA e and therefore may become a better
surrogate for LA function. It is also important to recognize the signif-
icant relationship we found between global LA etot and LA SRpos peak
and maximal LAvolume index, a recognized predictor index in differ-
ent conditions. LA e may become a tool for analyzing LA function in
clinical trials evaluating the prediction of developing arrhythmias or
the success of drugs or radiofrequency ablation to treat arrhythmias.
Strengths and Limitations

Our population consisted of healthy volunteers, and our high feasibil-
ity rate may not be reproduced in patients with difficult acoustic win-
dows. Additionally, the mean age of our studied population was 40
years, with a paucity of elderly patients, limiting the comparison of
our findings to disease states seen in the age group we studied. Further
studies are necessary to address the value of LA e in the elderly pop-
ulation. Another limitation of our study population was the higher
proportion of women in relation to men. Another limitation was
the lack of studies in which LA e obtained by 2D speckle tracking
was compared with sonomicrometry or tagged magnetic resonance
imaging. However, LV e obtained by 2D speckle tracking has good
agreement with that obtained by sonomicrometry28 and by tagged
magnetic resonance imaging.8 Test-retest variability was not
addressed in this study. Additionally, although intraobserver and inter-
observer agreement in our study were similar to the data of Kim
et al,12 interobserver variability still may represent a limitation to
this method. We and others11,12 used small numbers of subjects to as-
sess variability in LA e and SR, and the use of a larger number of
subjects may help clarify this issue. The lack of correlation between
global LA eneg peak and SRlate neg peak and LA volumes is a limitation
that needs further study.

Our study showed the strength of using the current speckle-track-
ing software to analyze LA e, as we described a high feasibility rate.
Future studies comparing LA e with invasive hemodynamic parame-
ters can further increase the value of this new approach to evaluate
LA function.
CONCLUSIONS

The measurement of LA e is feasible, and reference values are pro-
vided. It was possible to evaluate the 3 components of LA function
using this new technology, and the values provided correlated with
traditional echocardiographic indexes used to evaluate LA conduit,
contractile, and reservoir function. Further studies are warranted to
determine the value of this new tool to evaluate LA function in dis-
ease states and its potential value to identify patients at risk for LA fail-
ure or arrhythmias.
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